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If you think that piezoelectric microphones 
are too temperature-sensitive for precision 
measurements, the following article has a 
few surprises for you. New lead zirconate- 
titanate ceramic microphones have per¬ 
formance characteristics formerly associated 
only with expensive condenser microphones. 


In the continuing search for improved 
accuracy in sound measurements much 
effort has gone into improving the char¬ 
acteristics of microphones, because the 
microphone used is often regarded as 
the limiting factor in the accuracy of 
the measurement. Because of the long 
and continued development effort ap¬ 
plied to the condenser microphone, par¬ 
ticularly at the Bell Telephone labora¬ 
tories,* and the extensive work on its 
calibration in many laboratories all over 
the world, the condens(»r microphone 
very early gained wide acceptance as 
the best microphone for accurate sound 


measurements. This acceptance was 
achieved in spite of the inherent dis¬ 
advantages of the condenser micro¬ 
phone as compared with the piezoelec¬ 
tric microphone, which is also widely 
used for sound measurements. These 
disadvantages arc the need for a very 
high-input-impedance preamplifier sup¬ 
plying an accurately knowh, high dc 
polarizing voltage, smaller dynamic 
range, and greater sensitivity to the 
effects of humidity. There are, however, 
several reasons for the wide acceptance 
of the condenser microphone. Those 
units that have been carefully designed 
and built, such as the Western Electric 
GIO.VA Conden.ser Microphone, have a 


< E. C. Went®. “A Coo'ien»er Traoirnitt«>r as a Uniformly 
SsQsitive Instrument for the Absolute Measurement of 
l^und Intensity." Phutxeal R*v%e\r, Vol 10.1917. pp 39-^. 
B C. Wente. ** Mositivity of the Electroatatie Transmitter 
for .Measuring Soua«l Intensities. *‘Phytical Rrrittr, Vol 
19. 1922. pp 47S-.WI. 

L. O. Sivian. ".Absolute Calibration of Condenser Micro¬ 
phones." B^'ll System Teehnieal Journal, Vol 10. No 1. 
January 1931, pp 90-115. 

M. S. llawley, "The Condenser Microphone as an Aeons- 
tie Standard." Bell t^iboratonea Record, Vol 33, No 1. 
January 1955, pp 6-10. 


This month's covor—GR tests every one of its microphones for frequency 
response, sensitivity, copocitonce, dissipotion factor, leokoge resistance, ond 
linearity to 150 d6. 
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Figurt 2. Typical rtiponst 
curvtt for random, parallel, 
and perpendicular incidence. 


smooth frequency response, and the 
temperature coefficient is small. If they 
are carefully handled, their calibration 
is stable \\ith only moderate aging 
effects. Furthermore, condenser micro¬ 
phones of this type can be calibrated by 
fundamental techniques in an acoustic 
cavity, and they have a high acoustic 
impedance. 

Recent developments in piezoelectric 
microphones have demonstrated, how¬ 
ever, that all these desirable features 
can now be obtained by the proper de¬ 
sign of the piezoelectric microphone and 
at a lower over-all cost. Because of the 
additional inherent advantages of the 
piezoelectric microphone, we believe it 
will become the preferred microphone 
to use for acoustic measurements. 

Most of the early piezoelectric micro¬ 
phones for sound measurements used a 
Rochelle-salt crystal as the sensitive 
element. Although stable and physically 
rugged, those microphones did not have 
a high acoustic impedance, and they 
could not be satisfactorily calibrated 
in an acoustic cavity. They also had 
more serious faults, because Rochelle 
salt is easily damaged by exposure to 
only moderately high temperatures 
(56®C), and the microphone capacitance 


*B. Joife. R. 8. Roth, and 8. Moryallo. “Propertiei of 
Pteaoelectrie Ceramics in the Solid-Solution Series Lead 
Titonaie-Lead Zireonate-Leod Oxide: Tin Oxide and Lead 
Tltonate-Leod Hofnate,** Journal of Rtttarck of tko 
National Bwoau of Standardt, Vol SS, So 5, November 
19S5, pp 23»-'254. 

»E. E. Qrocs. "Ttfx 1551*C Sound-Level Meter. Gen¬ 
eral Radio Srperimentet, Aufuit 1061. 

* B. A. Bonk. “.Absolute Calibration of PZT Miero- 
phooet." General Radio Experimenter, Aprll-May 1063. 


was highly dependent on temperature. 

A great advance in piezoelectric 
microphones was made possible by the 
development of the lead zirconate- 
titanate * piezoelectric ceramic element. 
The use of this material eliminated the 
disadvantages of Rochelle salt, since 
this new material can be obtained with 
excellent stability to 100®C, and the 
capacitance of the ceramic element is 
relatively independent of temperature. 

The Types 1560-P3 and 1560-P4 
Microphones,* supplied on our sound> 
measuring equipment until recently, use 
this material, and, as a result, they are 
stable and rugged, and their character¬ 
istics are essentially independent of 
normal temperature variations. They 
can also be calibrated by reciprocity 
techniques in a closed coupler.* 

When these microphones became 
available, the most important reasons 
for using the condenser microphone 
were eliminated, and the Type 1560-P3 
Microphone has been widely used for 
sound measurements. Many measure¬ 
ments, however, have been standard¬ 
ized to use the condenser microphone, 
w’hich had a diameter of 0.936 inch 
in contrast with the I J/g inches of the 
Type 1560-P3, 

Therefore, the next step in the devel¬ 
opment of the piezoelectric measure¬ 
ment microphone was the adoption of 
this standard diameter. At the same 
time it w^as found possible to obtain a 
significant improvement in the response 
characteristic. 
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^ The result of this development is the 
new Typk 1560-P5 Microphone, shown 
in Figure I, manufactured by the Gen¬ 
eral Radio Company, and now used on 
GR acoustical instruments. It has the 
same diameter and essentially the same 
acoustic impedance* as the condenser 
microphone, so that it is suitable for 
applications where heretofore only con¬ 
denser microphones have been used. Its 
frequency response is better than that 
of any previously available sensitive 
piezoelectric microphone and is similar 
to that of the WK (V40AA Condenser 
Microphone up to 15 kHz. 

Details of Construction 

The microphone is enclosed in an 
outer brass shell with a brushed chro¬ 
mium plating, which maintains the 
same high quality of finish after years of 
^use. The aluminum diaphragm directly 
behind the protective front grid drives 
a ceramic piezoele<*tric element, and the 
electrical output appears at pin termi¬ 
nals at the back of the cartridge. The 
air leak is also at the back. 

The cartridge is available, connected 
directly to a 3-pin male audio connec¬ 
tor, as the Type lofiO-Po Microphone 
or, when connected through a gooseneck 


to such an audio connector, as the Type 
1560-P6 .Microphone Assembly, also 
shown in Figure 1. It is now also sup¬ 
plied on the Types 1565- A and 1551-C 
Sound-Level Meters and as part of the 
Type 1560-P40I\ Preamplifier and Mi¬ 
crophone Set.‘ 

Frequency Response 

The microphone is designed to have 
a nearly flat response to sounds of ran¬ 
dom incidence. Figure 2 shows a typical 
response curve of the microphone for 
random, parallel, and perpendicular 
incidence. Most of these microphones 
follow the random-incidence curve with¬ 
in zfc 1 dB from 20 to 7000 Hz. 

DIrectiviry 

The new microphone, since it has the 
same size as a type L laboratory 
standard microphone and is similar in 
construction, maintains the same good 
omnidirectional characteristics. Up to 
1000 Hz the variation in output with 
angle of sound incidence is small. AI>ove 
1000 Hz diffraction causes the micro¬ 
phone to respond more to sounds ar¬ 
riving normal to the diaphragm (0® or 

•C. A. WoodwanJ. *‘A New, Low^Ncnae PmampUfier,** 
General Kadto SrprrimenUr, June 1065. 


Figure 3. Sensitivity voriotion 
with frequency for random, 
'^orollel. and perpendiculor in¬ 
cidence. 
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Figur* 4. Polor responses ot voriows freqwencit 


perpendicular incidence) than to sounds 
from other directions. Figure 3 shows 
the extent of the variation in sensitivity 
as a function of the direction of sound 
incidence. Figure 4 shows polar re¬ 
sponse's of the microphone at different 
frequencies. 

Acoustic Impedance and Use in Couplers 

The acoustic impedance presented 
by the microphone in a coupler Is equiv¬ 
alent to that of an air volume of 0.4o 
cm* when referred to the front edge of 
the protecting grid. Of this equivalent 
volume, about 0.2 cm* is due to the 
compliance of the diaphragm and the 
ceramic element. 

The mechanical resonance of the dia¬ 
phragm and ceramic element structure 

■81.10^1000. USA Standard SfHkod for tht Caltbro- 
tion of Micropkonoo, USA Standftrtlii Institute, New 
York. N. Y. 

■Z24.8—1040, American Standard Spocifieotion for 
Laboratory Standard Pnoourt MieropKo^o, USA SUin* 
danU IncUtute, New York, N. Y. 


is damped acoustically behind the dia- 
phragm. This arrangement corrects one 
of the deficiencies of the earlier piezo¬ 
electric microphones, since the damping 
element in the new microphone is pro¬ 
tected from dirt and mists, whereas, in 
the earlier ones, the damping element 
became clogged after long exposure to 
oil mists and the response of the micro¬ 
phone was affected. Furthermore, the 
response of the new microphone is not 
significantly affecte<i by the gas in front 
of the diaphragm. It can, consequently, 
be used in coupler calibrations with 
gases other than air.* 

As a result of the use of the standard 
diameter and the elimination of any 
significant frequency-determining ele¬ 
ment from in front of the diaphragm, 
this new microphone can be used in 
standard reciprocity calibration cou¬ 
plers and earphone calibration couplers 
designed for the type L laboratory 
standard microphone.’ 

Although the microphone can ndth- 
stand sound-pressure levels of 160 dB 
re 20 mN/ih* wthout damage, pressures 
much higher than this may ruin it. Such 
excessive pressures can occur if the 
microphone is inserted in a coupler 
without an adequate pressure release. 
This pressure release is usually a small- 
diameter hole in the coupler, which 
can be plugged after the microphone 
is inserted. But some devices have been 
built \vithout this release, and these 
should be modified before use uith any 
of these microphones. 

Qectricol Impedance—Temperature and 
Humidity Effects—Cables 

The nominal impedance of the Typk 
1560-P5 Microphone corresponds to a 
capacitance of 380 pF, in contrast to the 
50 to 70 pF that is characteristic of con- 
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^ denser microphones. 0\nng to the lower 
impedance of the new microphone, its 
output voltage is less affected by the 
connection of a cable than is the con¬ 
denser type. The variation of capaci¬ 
tance with temperature is shown in 
Figure 5. With a 25-foot cable, this 
variation produces a change in actual 
signal voltage of only about 0.025 
dB/®C. With a very long cable, the tem¬ 
perature coefficient increases to about 
0.04 dlV®C. When the microphone is 
attached directly to the Type 1500-P40 
Preamplifier, this effect is eliminated. 
The remaining temperature coefficient 
is that of open-circuit output voltage, 
which is less than ±0.01 dB/®C. 

The sensitivity of a condenser micro¬ 
phone is directly proportional to the 
applied dc polarizing potential, and 
the stability of the system can therefore 
^ be no better than that of the polarizing 
supply voltage. Accurate monitoring of 
this voltage is essential for assurance 
that the sensitivity of the microphone 
system does not change. Such precau¬ 
tions are not necessary with the piezo¬ 
electric microphone, because no polar¬ 
izing voltage is required. 

The high polarizing voltage needed 
with the condenser microphone also 
makes it particularly sensitive to the 
effects of humidity. If moisture provides 
a conductive path for the polarizing 
voltage at the microphone, the resulting 
leakage current introduces excessive 
noise into the signal path, and the 
system can easily become inoperativ’^e. 
Because of the heat produced by 
the vacuum-tube amplifiers commonly 
used, the humidity at the microphone 
terminals is kept below the ambient 
^ humidity, and the above-mentioned 
effects of humidity have not been as 
widely ob8er\Td as they will be when 


solid-state preamplifiers come into gen¬ 
eral use. 

The effects of humidity on the piezo¬ 
electric microphone are much less 
serious, because of the absence of a 
polarizing voltage and because its 
impedance is only about one-tenth that 
of a condenser microphone. Its im¬ 
pedance is still relatively high at low 
frequencies, however, and prolonged 
exposure to extremely high humidity 
should be avoided. If it is exposed to 
100% humidity for a matter of hours, 
some loss in sensitivity below 100 llz 
may occur, and some increase in low- 
frequenc}' background noise will ac¬ 
company this loss. 

When the piezf>clectric microphone is 
used at the end of a long cable with no 
preamplifier, the upper soimd pressure 
at which it can l)e u.sed is not affected. 
The distortion from a condenser micro¬ 
phone, however, is affected by the 
impedance that terminates it. If a cable 
is connected bt'tween the condenser 
microphone and a high-impedance pre¬ 
amplifier, the distortion is greater than 
when the condenser microphone works 



Figure 5. Voriotlon of copocitonce withtemperoture. 
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Basil A. Bonk received 
his BSEE and MSEE 
degrees from MIT in 
19(X1, then joined Gen¬ 
eral Tludio as a deyeiop- 
ment engineer in the 
Audio Grotip. There he 
has specialized in the 
development of micro¬ 
phone calibration sys¬ 
tems and in the design 
of measurement micro¬ 
phones. 


directly into the preamplifier. Because 
of this effect and the very serious loss 
in signal level that results when a con¬ 
denser microphone is used with a cable, 
the microphone is almost always used 
directly on a preamplifier. The Type 
1560-Po Microphone, however, can be 
used over a wide range of sound-pres¬ 
sure levels without a preamplifier. 

Dynamic Range 

The lower limit at which sound- 
pressure can be measured with this new 
microphone is set by the electronic sys¬ 
tem used with it and the bandwidth of 
the measurement system. This lower 
limit, w^hen the microphone is used with 
the 1551-C Sound-Level Meter or the 
1560-P40 Preamplifier, is about 20 dB 
(C-w'eighted). MTien very low' sound- 
pressure levels are to be measured and 
it is advisable to position the observer 
far from the microphone, the Type 
1560-P40 Preamplifier is available to 
be used at the microphone to provide 
the best possible conditions for low’- 
level measurements. 


The upper limit of linear operation of 
the microphone is set by distortion. The 
distortion in the electrical output is 
less than 1% when the microphone is 
exposed to a sound-pressure level of 
150 dB re 20 The total dynamic 

range is then about 130 dB for C- 
weighting, which is significantly larger 
than the dynamic range of condenser 
microphones. 


The characteristics of this new micro¬ 
phone are so good that the limitations 
on the accuracy of a practical sound 
measurement will almost always come 
from factors other than the behavior 
of the microphone. Some of these other 
factors that limit accuracy are the fol¬ 
lowing: the effects of the room; of inter¬ 
fering objects, particularly the observer; 
of stray pickup; of ambient noise; of 
the placement and mounting of the 
noise source; of the microphone posi¬ 
tions used; and of the particular space 
and time averaging techniques used. 

The Type 1560-P5 Microphone can 
be used in all the ways that the highly 
respected condenser microphone has 
been used in the laboratory, and, in 
addition, it is w'ell suited for use in 
portable field-type sound-measuring 
systems. 

— B. A. Bonk 

Editor'* Note 

The design of this microphone was started 
by B. B. Bauer and L. DiMattia of CBS 
Laboratories and was completed by the author 
at the General Radio Company. 



Conclusion 


SPECIFICATIONS 


Frequency Response: Tj’pical response is showm 
in the accompanying plot. Deviations of indi¬ 
vidual units from the typical response are 
approximately dbO.3 dB from 20 to 1000 Hz 
and dll dB up to about 7000 Hz. 


Sensitivity: —60 dB re 1 V/pbar nominal. 
Temperature Coefficient of Sensitivity: .Approxi¬ 
mately —0.01 dB/®C. 

Internal Impedance: Capacitive; TypE 1560-P5, 
.390 pF at 25“C, nominal; Type 1560-P6, 425 


8 
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^ pF at 25®C, nominal. Temperature coefficient 
^ of capacitance: 2.2 pF/®C over range of 0 to 
SO^C. 

Envirenmcniol Microphone ia not dam¬ 

aged by temperatures from —40 to +60®C and 
relative humidities of 0 to 100Vc* 

Terminals t Microphones fit 3-terminai micro- 

C hone cable connector. For hum reduction 
oth micn)phonc terminals may be floated 
with respect to ground. 

Cortridg* DImentient: Diameter 0.930 db 0.002 
in. (21.7 mm), length Ij^s in. (20 mm). 



N«t Wtight: TyPK I5r»0-P5, 2 01 (00 g); TYPt 
1560-P0, 8 02 (0.3 kg). 

Shipping Weight: TypI: 1500-F5, 1 lb (0.5 kg); 
Type 15r>0-P0, 3 lb. (1.1 kg). 


Catalog 


Price 

Number 

Description 

in USA 

\ 560-9605 

1560-P5 Microphone 

$60.00 

1560-9606 

1560-P6 Microphono Attembly 

•5.00 




NEW 

FIVE-FREQUENCY 

SOUND-LEVEL 

CALIBRATOR 


Figure 1. Type 1562-A 
Sound-Level Calibrator in 
ftoroge cate^ with tnap-in 
odaptors. 


One of our lighter-spirited publications 
suggests that, for a day-to-day check on 
sound-level-meter calibration, one may 
hold the instrument at arm's length and 
say, in an even voice, "I feel rather foolish 
talking to a sound-level meter," repeating 
this announcement daily and noting any 
variation in indicated level. Those who 
prefer a more reliable and less attention- 
getting approach will be interested in GR's 
new Type 1562-A Sound-Level Calibrator, 
a small, transistorized oscillator-speaker- 
coupler unit designed for the calibration 
^ of most commonly used sound-measuring 
microphones and systems. 


Much is to be gained from accurate 
calibration of an acoustical measure¬ 
ment system. The better the calibration 
accuracy, the closer one can approach 
allowed performance specifications, the 
more consistent his comparison meas¬ 
urements will be, and the more confi¬ 
dence he can have in his measurements. 

Acoustical measuring instruments 
can be calibrated in many ways. The 
simplest procedure is the amplifier 
self-check, provision for which is built 
into many General Radio sound-meas¬ 
uring instruments. At the other end of 


9 
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Figure 2. Dia¬ 
gram thowing 
principal ele¬ 
ments of the 
colibrator. 


the scale is the precise calibration, from 
20 to 8000 ITz, of a microphone or sys¬ 
tem by means of the Type looO-B Re¬ 
ciprocity Calibrator.' 

Probably the most commonly per¬ 
formed calibration has been a simple 
over-all system check at a specified 
frequency, for which General Radio has 
listed the combination of Type 1552 
Sound-Level Calibrator and Type 1307 
Transistor Oscillator.* This pair of 
instruments is now succeeded by the 
small cylinder shown in Figure 1, the 
Type 1562 Sound-Level Calibrator. The 
new calibrator offers, in addition to the 
obvious convenience of the new pack- 
'^K'ng, specifications far superior to 
tho.se of its predecessor. (For example, 
the 1562 has five calibration frequencies 
vs the single frequency of the 1552.) 

The new sound-level calibrator con¬ 
tains a solid-.<?tate oscillator, an electro¬ 
acoustic tran.sducer, and an acoustic 
coupler, all enclo.sed in a cylindrical 
housing only 2 L 4 inches in diameter and 
5 inches long. In normal operation, it is 
placed over the microphone of the 
system to be calibrated, and the fre¬ 
quency selector switch is set to one or 
more of the five available test frequen- 

»**A Reciprocity Calibration for the WEr»40AA ami 
Other Microphones.” Gentral Hadio Expmmttitfr. De¬ 
cember 1904. 

* E. E. GroM, ”An ImprovnI Sound-Level Calibrator.” 
(hneral Radio Rxpxrtmenitr, June 19.55. 

* .\rnold Peiemon. *'.Maimetic Tajie Reconler for Acoiia- 
tiral. Vibration, and Other Audio-Frefturncy Meaeurr- 
mcnt*,” Otneral Radio Experimenter, Octol>er I9»»C. 


cies (125, 250, 500, 1000, and 2000 IIz). 

The calibrator is factory-adjusted to 
develop a sound-pressure level of 114 
dB re 20 /iNVni* (0.0002 ^bar). 

An important additional feature is 
the availability, at a phone jack, of the 
electrical output from the oscillator. 

Thus, for example, one can u.se the 
electrical output to measure the re¬ 
sponse of a system without its micro¬ 
phone, then connect the microphone 
and apply the calibrator’s acoustic out- ^ — 
put to verify the microphone response. 

Many types of sound-measuring sys¬ 
tems can be checked by the new cali¬ 
brator. With five test frequencies avail¬ 
able, one can check frequency-selective 
instruments such as octave-band ana¬ 
lyzers. 

The calibrator is also a very useful 
accessory for the Type 1525 Data Re¬ 
corder.* Not only can the acoustic out¬ 
put be used for S 3 \stem calibration, but 
the electrical output can be used to 
adjust recorder bias voltage and to pro¬ 
duce electrical test signals on tape. 

DETAILED DESCRIPTION 

The principal elements of the cali¬ 
brator are shown in Figure 2. The oscil¬ 
lator drives a loudspeaker, which gen¬ 
erates high-level acoustic signals in a 
coupler that fits over the microphone to^^ 
be calibrated. The electrical output of 
the oscillator is available at a phone 
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jack on the side of the calibrator hous¬ 
ing. Thb jack is built into a tubular 
nut, which secures the outer shell of 
the instrument and which also keeps 
the calibrator from rolling off tables. 

At the top of the calibrator is a rotary 
switch and dial combination with seven 
positions: the five operating frequencies, 
a battery-check position, and a power- 
off position. 

The Oscillator and Amplifier 

The oscillator is a Wien-bridgc cir¬ 
cuit first described by Fulks.* The key 
to its stable operation is a thermistor 
in the negative feedback path, which 
automatically adjusts its resistance to 
the value needed to maintain oscilla¬ 
tion. Its time constant Ls short enough 
to correct rapidly for amplitude varia¬ 
tions, yet long enough to cause little 
^ distortion at low frequencies. It operates 
at a high temperature, in an evacuated 
bulb, to minimize the effects of ambient 
temperature. 

The amplifier uses four transistors 
in a single, direct-coupled feedback 
loop. Enough negative feedback is used 
to achieve a transfer characteristic that 
is substantially independent of tran¬ 
sistor characteristics. 



' Figwr* 3. Cros«>«*ction drowing of colibrotor in 
ploco on 1 Vi-inch'diometer microphono. 


The Output System 

The loudspeaker is a controlled- 
reluctance magnetic transducer with a 
very low temperature coefficient and 
long-term stability proven by years 
of successful operation in the Type 
1.552 Calibrator. Similarity with the 
older calibrator ends, however, with the 
output coupler, which is designed to ac¬ 
commodate the 1 J^inch-diameter pi¬ 
ezoelectric ceramic microphone now in 
use on thousands of sound-level meters. 
Two snap-in adaptors are pro\dded, 
one for the new e-inch-diameter 
sound-level- meter microphone (see page 
3, this issue) and type L laboratory 
standard microphones such as the WE 
640AA, and the other for the ^inch 
microphone used with the Type 1551 -PI 
Condenser Microphone System. Figure 
3 is a cross-section drawing of the 
coupler in place on a IJ g-inch micro¬ 
phone, and Figure 4 shows the coupler 
plus snap-in adaptor in place on a 
microphone. 

PRINCIPLES OF calibration 

The 15G2 Calibrator develops a con- 
stant so und-pressure level of 114 dB 

«Fulks. R. G. **NovH Kc«db*«k Loop Subiliae* Audio 
OaeilUtor.*' BUcirontet. Vol 3A No S. Feb. 1063. Aveilabhi 
from Geoerml Rodio aa Reprint A-107 



Figure 4. Croftft-teefien drowing of colibrotor 
ond odoptor in ploce on 'V^-inch>diometer 
microphone. 
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Figwr* 5. Typical ond tpacifUd 
voriotion in output vt ambiant 
tampofatur*. 


re 20 mN/oi* at each of five frequencies 
(125,2,M), 500.1000, and ‘2000 Hz) when 
its acoustic coupler is placed over a 
high-acoustic-impedance sound-measur¬ 
ing microphone. This level is estab¬ 
lished at General Radio in terms of a 
carefully maintained laboratory stand¬ 
ard microphone (WE 640A A) with a 
pressure calibration determined by 
reciprocity and traceable to the Na¬ 
tional Bureau of Standards. 

The calibrator's constant output 
vs frequency is in contrast with the 
characteristic of a sound-level meter, 
which is designed with weighted fre¬ 
quency response in accordance with 
international standards. Furthermore, 
the microphones used on most sound- 
level meters are adjusted for a flat 
response to sounds of random incidence 


in a free field. Therefore, to determine 
e.xactly what a sound-level meter should 
indicate when the calibrator is coupled 
to its microphone, one must correct for 
the random-incidence characteristic of 
the microphone and for the weighted 
response of the sound-level-meter am¬ 
plifier. These corrections are small for 
the new e-inch microphones, but 
they should be taken into account 
where e.xtreme accuracy is needed. 
Detailed correction tables are included 
in the instruction manual for the cali¬ 
brator. 

ENVIRONMENTAL EFFECTS 

The calibrator output level is estab¬ 
lished at a temperature of 23®C and an 
atmospheric pressure of 760 mm of 
mercury. As long as the battery voltage 
is at least 6 volts (a 9-V' battery is used), 


Figure 6. Typicol vori* 
olion in output vt 
altitude ond otmot* 
pHeric pretture. 
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N normal variations in temperature and 
barometric pressure will have negligible 
effect on the sound-pressure level devel¬ 
oped. Figure 5 shows the variation in 
output that may be expected as the 
ambient temperature departs from 
23®C. 

Large changes in barometric pressure 
due to altitude changes as one moves 
about the country do produce appre¬ 
ciable variations in output, but even 


these are generally smaller than the 
changes that occur in a closed coupler 
with high-acoustic-impedance trans¬ 
ducers. For example, the sound-pressure 
reduction in a closed coupler at 15,000^^ 
feet altitude is about 6 dB. The corre-^*^ 
spending loss for the 1562 is only about 
3 dB (Figure 6). 

— E. E. Gross 

A hripf hiographv of Mr. Gross appeared in 
the October 1966 Experimenter. 


SPECIFICATIONS 


ACOUSTIC OUTPUT 

Frequencies: 125, 250, 500, 1000, and 2000 
Hz, d:37f. 

Sound-Pressure Level: 114 dB re 20 mX/hi*. 
Accuracy (at 23''C ond 760 mm Hg): 



at 500 Hz 

other frtqiienrie* 

WE 640A.A 
or equivalent 

=fc0.3 dB 

±0.5 dB 

Other 

microphones 

dbO.5 dB 

±0.7 dB 


Temperature Coefficient: .\t 125, 250, 500, and 
1000 Hz: -0.01 to -0.025 dB/=C from 2:J=C 
to 50°C, 0 to -0.01 dB/“C from 0 to 2:rC. 
Ai 2000 Hz: -0.01 to -0.015 dB/^C from 
23®C to 50"C, 0 to -0.01 dB/’C from 0 to 
23'C. 


Pressure Carrectian: Chart SUpplUKl. 

ELECTRICAL OUTPUT 

Veltage: 1.0 V ±20^ behind (>000 U. 

Frequency Characteristic: Output is Hat 
Distartian: <0.59f. 

Cannectar: Jack to accept Standard phone plug. 
GENERAL 

Operating Enviranment: 0 to 50°C, 0 to 100% 
relative liumidity. 

Accessaries Supplied: Carrying case, adaptors 
for ie{6-in.- and ^in.-diameter microphones 
(Hts IJ^g-in. micniphunes without adaptor). 
Battery included. 

Battery: One 9-V Burgess P.M6 or equivalent. 
120 hours use. 

Oimensians: Length 5 in, (130 mm); diameter 
214 in. (55 mm). 

weight: Net, 1 lb (0.5 kg); shipping 4 lb (1.0 kg). 


Catalog I 
Number 

Description 

Price 

inyUSA 

1562-9701 1 

\ 1562-A Sound-Level Colibrotor 

$195.00 


A DIAL DRIVE FOR STEPPED OR SWEPT ANALYSIS 


Those who must specify acceptable noise 
levels and those who must follow such 
specifications are understandably happiest 
when dealing with discrete values at 
discrete frequencies. At the same time, of 
course, enough information must be included 
for the noise to be meaningfully described. 
Many people think that the best approach 
is a stepped third-octave analysis, which 
presents a significant amount of information 
in an easily interpreted form. GR's new 
dial drive automates the procedure and 
also permits no-hands analysis by the 
traditional swept technique. 


Modern test codes for noise fre¬ 
quently involve a measurement of the 
noise spectrum, either continuous or 
at specified frequencies, which can be 
convenientU' made with the Gil 1564-A 
Sound and Vibration Analyzer.^ De¬ 
signed specifically for this type of 
measurement, the analyzer has a wide 
frequency range (2.5 Hz to 25 kllz), 
can be operated either manually or 
automatically, and has both one-tenth- 

> W. R. Kundert. '* New PerfortoAnce. New Convenience 
With the New Sound and Vibration .Analyzer,** General 
Radio Bzpenmtnter, Sepl-Oct 1963. 
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octave and one-third-octave bands. For 
automatic operation, it is used with the 
Type 1521-B Graphic Level Recorder, 
and the combination of analyzer and 
recorder is available, completely assem¬ 
bled, as the Type 191 1-A Recording 
Sound and Vibration Analyzer. 

Recently a growing interest in 
stepped l ^-octave analysis has placed 
new demands on many acoustical 
laboratories. To adapt the 1564 for 
automatic stepped as well as continuous 
analysis, we now offer the Type 1564-Pl 
Dial Drive. 

The dial drive is essentially a device 
for automatically moving the frequency 
dial of the Type 1564 Sound and Vibra¬ 


tion Analyzer from one third-octave 
center frequency to the next, with 
adjustable dwell time at each step. 
As a matter of convenience, the dial 
drive also provides for continuous rota¬ 
tion of the analyzer frequency control. 
Thus the combination of 1564-A Ana¬ 
lyzer and 1564-Pl Dial Drive presents 
three possibilities: stepped J^-octave, 
continuous }^-octave, and continuous 
Ko-octave analysis. The complete anal¬ 
ysis setup will often also include a GR 
1521-B Graphic Level Recorder, and 
here the dial drive also contributes to 
convenience by replacing the usual 
chain linkage between recorder and. 
analyzer with electrical synchroniza¬ 
tion. 
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CONTINUOUS VS STEPPED ANALYSIS 

A continuous plot of the spectrum 
Ls very helpful in the evaluation of a 
noise if the noise limits are specified 
as continuous functions of fre(|uency, 
which can be entered on the spectrum 
chart to check compliance. Some test 
codes (e.g., MII^-STl) 740 and ASII- 
HAE 3(3A-63) hav'^e tried to simplify the 
analysis procedure by specifying accept¬ 
ance levels in discrete third-octave 
bands. The selected center fre^iuencies 
of these bands are those of the pre¬ 
ferred frequency scries (Sl.ti-lOtiO, 
American Standard I’referred Freq\icn- 
cies for Acoustical Measurements, and 
ISO-R2GG-19G2). These frequencies in¬ 


clude 1000 Hz and the frequencies 
spaced above and below lOOO Hz in 
third-octave steps. 

With steppeil analysis, the presenta¬ 
tion for each third octave is a single 
reading that can be quickly compared 
with the re(|uirements of a cotie or with 
a similar reading taken at another time. 
This simplilication is achieved at the 
expense of some information; where one 
is iwl bound by specification he can 
choose either the single-valued ap¬ 
proach of stepped analysis or the detail 
that only a continuous analysis can 
provide. 

Figures 2, 3, and 4 descril>e, better 
than can words, the difference between 



Figur* 2. A tt«pp«d VS'Odov* analysis of 
vibrafion of dsftctivo motor. Dwell time 
was sot ot 10 seconds, full-scale level wos 
•0 dB, and recorder writing speed was 3 
In./s. Chort paper Is OR 1521-9460, spe¬ 
cially designed for stepped V^-octove 
analysis. 


Figure 3. Continuous 'A-octove anolysis of the some vibrotion analyzed in Figure 2. 
Detail is greater, but ’A-octave levels are harder to read. 



Figure 4. Continuous *^-octove anolysis of the some vibration onolyzed in Figures 
2 and 3. Note presence of components not visible on brooder-bond analyses. 
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stepped and continuous analysis. These 
are chart recordings of the vibration of 
a motor with a damaged sleeve bearing. 
Figure 2 shows a stepped V^-octave 
analysis; Figures 3 and 4 are continuous 

and )fo"OCtave analyses, respec¬ 
tively. All were made with the combina¬ 
tion of 1064 Sound and V’ibration 
Analyzer, 1.564-lM Dial Drive, and 
1521-B Graphic Level Recorder. In 
all cases, the recorder was set for a 
writing speed of 3 inches per second and 
was equipped with an 80-dB poten¬ 
tiometer. 

It is immediately apparent that the 
stepped-analysis recording (Figure 2) 
is the easiest to interpret, that the 
continuous recordings give far better 
resolution of peaks, and that the Jfo” 
octave analysis reveals many com¬ 
ponents not visible in the Vs“Octave 
chart. Note the existence of the tran¬ 
sients on the stepped-analy.sis record¬ 
ing. These transients, caused by range 
switching of the analyzer, can serve as 
useful frequency markers, because the 
! 3 -octave s^^^tching frecpiencies are 
accurately known. 

DETAILED DESCRIPTION OF THE 
DIAL DRIVE 

The dial drive consists of a stepper 
motor, which mounts on and drives 
the analyzer; a contactor, which mounts 
on and provides synchronization with 
the recorder; and the electronic control 
unit. 

The stepper motor is driven by pulses 
from a ring-of-four counting decade in 
the control unit. Four pulses applied 
in the proper sequence to the four drive 
coils of the motor advance the motor 


•0. Parlridue. “A Simple Way to S>'nrhrooijiu« .Ma«n«tic 
Tape With O!«oilia9co|>e Trace.*’ Genera/ Radio Etperi- 
menter, Ootoltcr 1966. 


7}^ degrees per pulse. The 10-to-l gear 
ratio between motor and analyzer fre¬ 
quency control div'ides the.se steps into 
?^-degree increments. 

The ring-of-four counting decade 
provides the necessarj’ logic to sequence 
pulses for either forward or reverse 
operation and also to ensure that the 
motor nevT?r st^ps with one of its coils 
energized. The rate at which the motor, 
and thus the analyzer frequency dial, 
rotates is a function of the pulse train 
that is applied to the ring-of-four 
coimting decade. For stepped opera¬ 
tion, the.se pulses come from a free- 
running multivibraU)r, at a rate that 
moves the analyzer dial 30 degrees, 
or from one J< 3 -octave-band centcT to 
the next, in about 0.35 second. For 
continuous operation, they are derived 
from the power-line freciuency through 
dividers. (Since the 1521-11 Recorder is 
driven by a synchronous motor, the 
analyzer is automatically .synchronized 
with the recorder in <.‘ontinuous opera¬ 
tion.) Two speeds are available in the 
continuous mode: G or 20 seconds per 
J^-octave band. 

The control unit includes start and 
stop buttons, forward and reverse 
switches, a continuous-automatic se¬ 
lector switch, and a dwell-time control. 
A connector at the rear of the unit 
permits remote control of the stepper 
motor by electrical signal. This pro¬ 
vision allows, for instance, the auto¬ 
matic analysis of a tape loop, with a 
piece of reHective material on the tape 
and a photoelectric pickolP producing 
the signals to advance the stepper motor. 

Synchronization lx?tween the ana¬ 
lyzer and the recorder chart paper is 
accomplished by means of a contactor 
a.ssembly, which mounts on the re- ^ 
corder. This is a cam-actuated switch, 
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^ ^ which causes the dial drive to move the 
analyzer to the next H-octave band at 
each J^-inch travel of the chart paper. 
Chart paper 1521-9460 is specially 
calibrated for this application. 

SUAAAURY 

The Type 1564-Pl Dial Drive greatly 
simplifies stepped J^-octave analysis 


and permits changeover to continuous 
or Jfo-<x^tave continuous analysis 
at the turn of a switch. Those who are 
called upon to make such analyses 
should find appreciable savings in 
time and convenience through the use 
of this accessory. 

— B. A. Bonk 


SPECIFICATIONS 


STEPPING CHARACTERISTICS 
Supping Motion: 0.75**/8t/ep; 40 stepp (IlO”) per 
Vi octave; controlled to step in sequence of 4 
pulses « 3”. 

Stopping Timo: In Stepped mode, APProx 
0.36 b/ 30®; in continuous mode, OsAIO^ or 
208/30®, Ixith synchronUed to IKI-H* line. 

Dwoll Timo (16>octovo bond): Dwell time -f- 
stepping time is 1. 3, 10, or 30 s, when con¬ 
trolled by 1521-B Graphic I.evel Recorder with 
60-rpm motor. These times can Ite increased 
2 X or 4 X ^^ith cam adjustment. Dwell time 
can also be set by fronUpanel control from 
approx 1 to GO s. 

^^OENERAl 

Tomporoturo Rongo: Operating, 0 to 50®C; 
storage, — 40 to -i-70®C. 

Humidity Rang*: 0 tO 95% RH. 

Synchroniiotion: To 1521 Graphic l>evel Re¬ 
corder in both stepped and continuous modes. 


Recording Sytumt Output from 15G4 analyzer 
can be connected to any rt?corder with input 
impedance of 10 kfl or more and sensitivity 
of at least 10 mV (1521-B Recorder recom¬ 
mended). 

Pow*r R»quir*d: 100 to 125 or 200 to 250 V, 
r>0 Hz. 

Acc«t»ori«s Supplied: Adaptor-cable assembly, 
power cord, s(iare fuses, end frame set (l>cnch 
model) or rock-support set (rack model). 
AccMtorUt Avoilabi*: Chart pafter for 1521 
Recorders: 1521-94tl0 for 8tep)>cd analysis, 
1521-94G9 for continuouN antUysis. 

Dim«ntioni (w X H X d): Rolav-rack Section, 
19 X 34 X 124 in. (485 X 89 X 320 mm); 
stepper motor, 4Vi (dia) X 5Vi in. (110 X 135 
mm); contactor assembly, 3 X 4Vis X 2Vi in. 
(77 X 105 X 54 mm). 

W*lght: Net 10,4 ii> (T.5 kg); shipping, 36 lb 
(1G.5 kg). 


Catalog 

Number 

Desrriplton 

Price 
in USA 

1564.9771 

1564.P1 Dial Drive, bench Model 

$720.00 

1564.9772 

1564.PI Dial Drive, Rock Model 

720.00 

1521.9460 

Chorl Paper (stepped mode) 

2.75 

1521.9469 

Chort Paper (continuous mode) 

2.75 


OSCILLATOR FOR AUDIOMETER CALIBRATION 


With the introduction of a standard 
earphone coupler’, (jeneral Radio great¬ 
ly simplified the use of its sound-level 
meters and analyzers in the calibration 
of audiometric equipment. To round 
out the calibration system, we are now 
^K^oflfering a low'-distortion audio oscillator 
with sw'itch selection of 12 frequencies 
commonly used in audiometry. Among 


these frequencies is the octave scries 
based on 125 Hz, which is incorporated 
in specifications of the USA Standards 
Institute.* 


* E. E. GroM. ** A Standard EarpKon* Oniplrr for Field 
CalihratioD of Audiometers." Otntral Radio Kxpori- 
manUr. October I1N14. 

* Amartaan Standard SpaeUfeation for Grnrral Dtaonodie 
Purpoaaa, Zt4.S — 1051. USA Standarde Institute. 70 £. 

45th St.. New York. N. Y. 
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The 1311-AU is an all-solid-state,^'^ 
Wien-bridge oscillator, which uses ex¬ 
tensive negative feedback to attain 
very low distortion (typically under 
0.1%) and high degrees of amplitude 
and frequency stability. Except for its 
output frequencies, it is identical to 
the Type 131 1-A Audio Oscillator, 
described in the August-September 1962 
isssue of the Experimenter, 




SPECIFICATIONS 


FREQUENCY 

Rong«: 12 fixed frequencies, 125, 250, 400, 500, 
750, 1000, 2000, :m0, 4000 , SOOO, and 8000 
Hz. AF* control provides ±2% adjustment. 
Accuracy: ±,\% when aF control is at zero. 
Frcquancy Stability: 0.1% typical, long-term, 
after warmup. 

Synchronitatlofi: Telephone jack provided for 
external synchnmizing signal. Ix>cking range 
is about iH% for 1-V rms reference signal. 
AF control can be used for phase adjustment. 
OUTPUT 

Powar: 1 W into matched load (laM provide at 
least 0.5 W into any resistive load between 80 
mli and 8 kll). 

Voltage: (^)ntinuou8ly adjustable from 0 to 1, 
3, 10, 30, or 100 open circuit. 

Cwrrofit: Continuously adjustable from 0 to 40, 
1:10, 400, i:i00, 4000 m.\, short circuit (ap¬ 
proximately ). 

Imptdanca: Itetwcen one and two times matched 
load, depending on c«>ntrol setting. Output 
circuit is isolated from gnaind. 

Aoiplitwda Stability: Hetter Uinn 1% long term, 
0.01% short term, typical after warmup. 


Synchronization: High-impedance, constant- 
amplitude, 1-V rms output for use with os¬ 
cilloscope, counter, or other oscillator. 

Dittortion: Lcss than 0.5% under any linear 
load condition. Typically less than 0.1% over 
much of range. Oscillator will drive a short 
circuit without w'aveform cJipping. 

Ac Hum: Typically less than 0.003% of output 
voltage. 

GENERAL 

Terminals: Typk 938 Binding Posts. Separate 
ground terminal holds shorting link, which 
can be used to ground adjacent outpi t binding 

|K)et. ^ 

Powtr Rsquirsd: 105 to 125 or 210 to 250 V, 

50 to 400 Hz. 22 \V. 

Accossorios Supplitd: Type CAP-22 Power Cord, 
spare fuses. 

Accassorios Availabis: Rack-mounting set (panel 
b\i in. high). 

Machanical Data: Convertible-bench cabinet. 
Oimansions (width X height X depth): 8X6 
X in. (205 X 155 X 200 mm). 

Waighi: Net, 6 lb (2.8 kg); shipping, 9 lb 
(d.l kg). 



Catalog 

iVumher 

Dencription 

Price 
in USA 

1311-9703 

1311-AU Audiomafric Oicillafor, 115 volts 

$230.00 

1311-9704 

1311-AU Audiomatric Otcillalor, 230 volts 

230.00 

0480-9638 

480-P30I Relay-Rack Adaptor S«t 

7.00 
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cit Notlels 


DECADE RESISTORS 

Two six-dial decade resistors have 
been added to the 1434 series. The 
1434-B (Catalog No. 1434-9702) has 
a total resistance of 1,111,110 ohms 



1.0 ohm. The 1434-X (Catalog No. 
1434-9724) has a total resistance of 
111,111 ohms, a minimum per-step 
resistance of 0.1 ohm. Prices in USA 


and a minimum per-step resistance of are $135 and $116, respectively. 


SOUND—VIBRATION 

A 100-foot extension cable (1560- 
P72B) is now available for use between 


the 1560-P40 Preamplifier and a micro¬ 
phone or analyzer. Catalog No. is 
1560-9977. Price in USA, $29.00. 


STROBOSCOPES 

The inexpensive 1539-A Stroboslave, 
when coupled with the 1531-P2 Flash 
Delay and the 1536-.\ Photoelectric 
PickofT, is enough stroboscope for most 
people who want only to look at or to 
photograph objects moving at high 


speed and who do not have to measure 
speed. For easy ordering, we now offer 
the combination of all three items as 
the 15il9-Z Motion Analysis and 
Photography Set. Catalog No. is 1539- 
9900 for 115-V systems, 1539-9901 for 
230 V. Price in USA is $435.00. 


COAXIAL 



An adaptor is now available between 
our two coaxial connector series, GR900 
and GR874. The 874-Q900L Adaptor 
contains a 900-AB connector and a 
locking GR874. VSWR is typically 
under 1.04 to 9 GHz. Catalog Number 
is 0874-9709. Price in USA is $15. 


Erratum decade transformer should not have 

In Figure 3, page 9, of the April been shown connected to the —0.1 tap. 
Experimenterf the case of the 1493 In this setup the —0.1 tap is not used. 
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GENERAL RADIO COMPANY 

WEST CONCOWO MASSACHUSETTS 017*1 


DO WE HAVE YOUR CORRECT NAME AND ADDRESS-nome, company 
or organization, department, street or P.O. box, city, state, and zip code? 
If not, please clip the address label on this issue and return it to us with 
corrections, or if you prefer, write us; a postcard will do. 



General Radio’s fleet of traveling 
exhibits has a new flagship, a spacious, 
air-conditioned Cortez outfitted with 
operating displays of GR instruments. 
The new van will roam the western and 
southwestern regions of the U.S. 

Other GR ‘^road shows” travel by 
specially equipped station wagons and 


WHEELS OF PROGRESS 


are set up on invitation in or near 
industrial plants and laboratories. 

Our line of acoustical instruments has 
its own vehicle, called GRAIL (General 
Radio Acoustical Instrument Labora¬ 
tory). In Europe, two Mercedes vans 
cruise the autobahn.s for General Radio 
(Overseas). 


GENERAL RADIO COMPANY 

WEST CONCORD. MASSACHUSETTS 01781 
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